I
, ,-, '-, This is an indication that doping induces certain amount of crystallinity in the samples. However. the appearance of an appreciably sharp crystalline peak at 28 = 15.40°for CSA doped PANI with a weak crystalline peak at 28 = 24.88°may also be due to the change in the crystalline form of the sample, From the X ray diffractograrn, (Intensity versus 28) the crystallinity index of the sample was calculated by employing a formula put forwarded by Manjunath et al.ts [20] .
According to this. the resolution of the peak R is given by = m. + 2m~+ + m.._ 1 hI + h~..;..
h" (4.1 ) where rni . rn i .. . are the heigh ts of minima between two peaks and hI. h~.. . are the he ights of peaks from the base line .
From the reso lution of the peak (R). the lateral order or the index of the crystall inity (I ·R) was ca lculated. The pe rcentage of cry stallin ity for PAS' ICSA has been estimat ed by employ ing the relation (4.1) and it has been found to be 56%.
-tA . Morphology
In o rde r to confi rm the crystallinity of polyaniline do ped wit h cam phor sulphonic acid, the SEM of polyamline emera ldine base and polya niline doped with campho r sulphonic acid has been ca rried out by using JEOL Scan ning Electron Microsco pe and is shown in The grain size is -0.6 urn. Howeve r. in PANICSA the particle s can be seen distinctive ly. The grain size is -0.8 1l111. From SEM and XRD stud ies. it can be concluded that po lyanili ne doped with Ca mphor sulphonic acid is more crystalli ne than tha t of polya niline emeraldin e base.
FTIR S tudies
Fig. 4.3. shows the FTIR spectrum polyanilin e e meraldine base and polyaniline do ped with camphor sulphonic acid.
In the PANICSA Spectrum the peaks at 1475 crn'. 1558 ern" indicate that the aromatic ring is reta ined in the polymer. Also it exhibits two distinct peak s at 2926 cm 'I and :!960 cm· l . These peaks are assigned to the C · H stretching . The peak at 343:! cm'I shows the stretching ofN H Group. The peak at 1286 cm· l corr esponds to the ( · H in plane of de format ion (:!l). Also the peaks at 79~cm" . I O-1~cm- The powdered polyaniline doped with camphor sulphonic acid samples were pressed in the form of pellets with a diameter 10 mm. Dielectric permittivity studies were carried out on these samples by using a home made four probe dielectric cell and an HP 4285A LCR meter in the frequency range 100KHz to 2MHz in the temperature range 300K to 373K under the dynamic vacuum (10. The increment of dielectric permittivity is rapid above 360K. The increase of dielectric permittivity with temperature could be related to the well-known phenomenon that the polarisation increases with temperature. which was found to be valid in a wide range of materials [23] . This is due to the effect of interfacial polarisation caused by space charges and microscopic filed distortion [24] . If the applied field is increased the probability of tunneling of electrons between molecules is also increased which cause high dielectric permittivity and dielectric loss.
The variation of ac conductivity with frequency for different temperatures is shown in Fig. 4 .7. When frequency increases the ac conductivity also increases with temperature. The variation of G ac is small at lower temperatures and shows rapid change at higher temperatures. G 3C can be written with the help of the following equation [25] .
n aac a Cl) (4.2) where Cl) is the angular frequency and n is the index which is characteristic of the type of conduction mechanism/relaxation mechanism dominant in amorphous materials. The value ofn evaluated from Fig. 4 .7. is around 0.045 both at lower and higher temperatures. 
DC Conductivity Studies
The current voltage measurements were carried out on these samples and the characteristics are studied. The sample shows ohmic behaviour without any breakdown. The variation of de conductivity with temperature is plotted and is shown in Fig. 4 .9. The conductivity value of PANICSA calculated at room temperature is around 27 S/cm. The temperature dependent of DC conductivity indicates that the observed metallic DC conductivity is due to only a small fraction of delocalised carriers which are primarily localised in metallic islands and that the achievable conductivity for such systems when the entire charge carriers density participates surpasses that of copper [6] . It has also been shown that the relaxation of an electric field in a charge carrier system is attributable to the charge hopping of mobile carriers. which can lead to both short-range (Jac and long-range (Jdc The activation energy is calculated by employing the following relation -4] . In order to make use of these polymer compounds for specific applications they are modified either by eo-polymerisation or by making blends with other polymers [5] . The production of blends using organic and metallo organic polymers is an attempt to obtain new polymeric materials by combining
properties of the components of the blend [6.7] . The use of blends/composites in various electric and electronic devices attracted attention because of their conductive properties. chemical stability and low price. Among the many conducting polymers. polyaniline seems to be one of the best candidates for preparing conducting polymer composites since it is stable both thermally and environmentally [8] [9] [10] [11] . The blends of polyaniline doped with sulphonic acid r12].
phosphoric acid in different polymers such as polymethyl methacrylate [13] , cellulose [14] and polyurethane [15] have been investigated. Electrical properties of polyaniline blended with other polymers are relatively different from the pure polyaniline. Along with the incorporation of insulating polymers into conducting polymers. introducing polymeric/oligomeric phthalocyanine into polyaniline matrixes are also investigated [7. 16] . A conductive composite using polyaniline and polymeric phthalocyanine can be used as a rechargeable batteries [16] .
In this chapter optical. electrical and morphological studies on blends of polyaniline -oligomeric cobalt phthalocyanine are discussed. The dielectric and conductivity measurements of polyaniline at different proportions with oligomeric cobalt phthalocyanine are carried out for different temperatures and the conduction mechanism in these composites is explained based on the Mort's variable range hopping model.
Preparation of PANICSA -CoPe Composites
Powdered polyaniline doped with camphor sulphonic acid (PANICSA)
was blended with tetrameric cobalt phthalocyanine (CoPe) by mixing them homogeneously in an agate mortar for several hours. The method of preparation of both the polymers is explained in section 2.6.3 of chapter 2.
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. The value of dielectric permittivity at ] MHz of oligomeric cobalt phthalocyanine at 373K is 50.78 and it increases with increase of polyaniline concentration, till both PANICSA and CoPe are at equal proportions and after that it decreases. However the value of dielectric permittivity of CoPe I0 PANICSA90 approaches towards the PANICSA value. This shows that the tetrameric cobalt phthalocyanine doesn't influence the dielectric permittivity of composites.
The dielectric permittivity increases with increase of temperature and at each temperature it decreases monotonically with increasing frequency. This may be due to the tendency of induced dipoles in macromolecules to orient themselves in the direction of the applied field when the frequency of alternation is low.
However at high frequencies the induced dipoles will hardly be able to orient themselves in the direction of the applied field and hence the dielectric permittivity decreases [26] . Frequency dependence of the dielectric permittivity in these composites is more pronounced at lower frequencies. This is because the interfacial polarisation plays an important role in these composites at lower frequencies. This polarisation will arise only when the phases with different conductivities are present [27] . Conducting polymers and its composites show high dielectric permittivity due to the large effective' size of metallic islands in these compounds and easy charge transfer through well-ordered chains in disordered regions.
Dielectric Loss
The dielectric loss vs frequency curves for composites are presented in
Figs. 5.9. -5.11. The loss factor decreases with increase offrequency and increases with temperature. This is usually associated with ion drift. dipole polarisation or interfacial polarisation [28] . The increase of dielectric loss with decreasing frequency is very rapid at low frequencies. Also the study of miscibility in blends/ composites by dielectric relaxation involves the assessment of one or more loss peaks. In binary blends one or multiple loss peaks will occur [29] . These blends does not exhibit peaks except in the case of CoPc90% PANICSA 10% composition.
In the case of CoPc90% PANICSA I0% mixture there appears a peak in the
Studies on PAN/ -CoPe Composites
dielectric loss curve at higher frequencies. Also the loss peak is shifted towards the higher frequency as the temperature increases. This shift in the loss peak is in accordance with the Debye theory of orientation. But tetrameeic cobalt phthalocyanine fellows the three -dimensional ho pping conduction. From our obse rvations. it is clearly seen that terrameric coba lt phthalocyanine and polyan iline composites follows the three -dimensional hopping conduction. 
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